Abstract: The present study was conducted using 400 Ross chicks to determine the efficiency of partial substitution of corn with triticale grain and dry fat (Feedar) on the broiler performance, meat quality and mineral utilization. The chicks were arranged as a complete block design with four treatments and 4 replicate/ treatment (25 chicks/ replicate). The treatments were diet 1: basal diet (corn representing 100% of grain component and corn oil -C); diet 2: (corn representing 100% of grain component and dry fat -T0); diet 3: (50% corn and 50% triticale of grain components and dry fat -T50); diet 4: (75% corn and 25% triticale of grain components and dry fat -T25). Weekly body gain, feed intake were recorded. At slaughter, blood and liver samples were collected for further analysis. Results showed no significant difference (P>0.05) between chicks from C, T50 and T25 in term of total weight gain compared to chicks from T0. Feed intakes were significantly higher in chicks in the T50 group compared with other groups. The feed conversion ratios were significantly higher in chicks fed different levels compared with the control and T0 groups. Moreover, there were no significant effect of treatments on the concentration of Cu, Zn and Mn in liver, but Mg and Co were affected. Carcass dressing and abdominal fat percentages were not affected by the treatments, but lipid percentage in breasts and drumsticks were significantly higher (P<0.05) with added dry fat and triticale when compared to the control group. In conclusion, triticale decreased weight gain during the first three weeks and increased the final feed conversion by almost 20%. However, triticale grain can replace corn up to 50%. 
Introduction
The feed cost for poultry production is about 60-70% of the total cost production, and energy alone contributes about 70% of the feed cost (Wilson and Bayer 2000; Saleh et al., 2004) . This suggests that in order to minimize the feed cost and maximize profit, the producer must use the cheapest form of energy as a substitute for corn maize (the main component of broiler diet) and obtain a greater growth rate with lower cost. Dry fat has recently been introduced to the Jordanian market as a source of energy at a cheaper price than corn oil. Moreover, dry fat helps to reduce dust, which may have adverse effects on the birds' health. In addition, carcass quality should be considered based on human health and shelf life.
Triticale is an alternative cereal grain that is a hybrid of wheat and rye and appears to be a promising crop for farmers because of its high yield, drought tolerance and disease resistance (Gatel et al., 1985) . The potential of triticale in broiler diets is based on the partial replacement of other energy source ingredients. There is some evidence that the lower levels of lysine and methionine + cystine in triticale could negatively affect the broiler performance when compared with corn (Proudfoot and Hulan, 1988) and wheat (Sell et. al., 1962) . Braggy and Sharby (1970) reported that triticale can be use efficiently for broilers to replace other grains. However, despite the contradictory findings reported in the literature, Belaid (1994) concluded that there is sufficient evidence to suggest that triticale can be used safely in cereal based diets for broiler and layer chicks.
Many factors play an important role in mineral digestion, absorption and metabolism through synergistic or antagonistic interaction effects within dietary minerals which are not fully understood. Indeed, it is well known that changes in trace mineral absorption and excretion through the gastrointestinal tract are primary mechanisms for maintaining trace mineral homeostasis (King et al., 2000) . With respect to the composition of the carbohydrate fraction, triticale contains arabinoxylans which may create a viscous environment within the intestinal lumen (Smits and Annison, 1996) . Increased viscosity is associated with lower apparent metabolizable energy (Austin et al., 1999) as well as absorption of other nutrients, such as trace minerals, and incidence of wet and sticky droppings (Smits and Annison, 1996) .
The purpose of this study was to compare the performance of broiler chicks fed diets containing triticale at different replacement levels of corn with added dry fat instead of corn oil.
Materials and Methods
A total of 400 one-day-old unsexed Ross TM chicks were randomly distributed as a complete randomized block design into four equal treatments, each with four replicates (25 chicks/ replicate). The chicks were reared on wood shavings in pens in an open house. The area of each pen was 3 m 2 (2mX1.5m). Treatments were diet 1: basal diet (corn-soybean-oil meal diet -C); diet 2: (corn-soybean-dry fat meal diet -T0), diet 3: (corn 50% of grain component and 50% Triticale -T50); and diet 4: (corn 75% of grain component and 25% Triticale -T25). The chemical composition of triticale used in this study was 87.3% dry matter, 11.2% crude protein, 1.8% crude fiber, 1.25% ether extract, 1.90%ash, 3315 Kcal/ kg metabolizable energy, 0.57% lysine and 0.41% methionine; which was provided by the International Center for Agricultural Research in the Dry Area (ICARDA). Moreover, the chemical composition of the dry fat (Fedar) used in t his study were: GE, 7400-7600 Kcal/ kg, 95-97.5% dry matter, ash, 18-20%, 7.5 -8.5% calcium which used to replace corn oil in the diets.
All rations were formulated by using the BLP88 TM computer program for formulating least cost rations. All rations in the starter and finisher periods were formulated to be isocaloric and isonitrogenous according to NRC (1994) recommendations. Table 1 shows the ingredients and chemical composition of the starter and finisher diets with inclusion of triticale grains and dry fat (Feedar). The chicks were fed starter rations from one day of age to 21 days of age and finisher ration from 22 to 42 days which was when they were ready for marketing. Live body weight, feed intake and feed conversion ratio were recorded weekly up to the 6 th week of age. Five chicks from each replicate were slaughtered, after overnight fasting of feed, by severing the jugular vein, and blood, liver, breast and drumsticks were collected for further lab work. Abdominal fat (surrounding the gizzard, cloaca and adjacent abdominal muscles) was removed and weighted for calculations. Hot carcass weights were recorded and dressing percentages calculated as a percent of live weight. Serum samples were separated by centrifugation of the blood at 3000 rpm for 15 minutes. Liver samples were dried at 105º C overnight, reduced to ash by a muffle furnace (600ºC/ 6hrs) and prepared for trace mineral analysis according to AOAC (1990) using an atomic absorption spectrophotometer. Moreover, breast and drumstick samples were analyzed for crude protein and ether extract percentages following the method of AOAC (1990) .
Data were analyzed by analysis of variance (ANOVA) using SPSS TM version 10.0 as a complete randomized design and each pen considered a replicate. The Duncan multiple range test was used to determine differences among treatment means for significant dietary effect (Steel and Torrie, 1980) , with P<0.05 considered statistically significant unless otherwise noted. Table 2 shows the data of body weight gain, feed intake and feed conversion ratio during the starter (0-21 days), finisher (22-42 days) and overall (0-42 days) periods. Inclusion of triticale in the broiler diets with different levels caused a significant (P=0.027) reduction in weight gain during the starter period, but not during the finishing and overall periods. The total body weigh gain of chicks fed dry fat were significantly (P=0.037) lower when compared with the control (corn oil), but did not differ when compared with triticale groups (T50 and T25). The feed intakes were significantly increased with inclusion of triticale in the broiler diet from T50 during the finishing (4.62 kg) and overall periods when compared with the C, T0 and T25. The inclusion of triticale (T25; 25% of corn) led to significant difference only during the finishing period, but not the overall feed intake when compared to the control and T0 diets. This may give an indication that inclusion of triticale in the broiler diet did not have a negative effect on diet palatability.
Results and Discussion

Broiler performance
Variable results in triticale feeding experiments are reported in the scientific literature. Negative effects regarding the decrease in chicks' body weight by feeding triticale were observed by Korver et al., 2004) and others (Gerry, 1975; Ruiz et al., 1987; Smith et al., 1989) which disagreed with our findings. However, other researchers agreed with our results by reporting non-detrimental effect of triticale in poultry feeding trials. Johnson and Eason (1988) observed that growth of broiler chickens was similar whether triticale or wheat was the cereal source in diets that contained 50% cereal and were equalized for nutrient content. Similarly, Vieira et al. (1995) found that the graded inclusion of triticale up to 40% (substituted for corn) had no negative effect on weight gain or final weight of broilers. In those studies, the limited replacement of the main cereal grain might have hidden any negative effect of triticale. Elsewhere, poultry feeding studies shows that diets containing up to 30% triticale have had no negative effect on performance and result in significant saving of feed cost. Hermes and Johnson (2004) reported that feeding broiler chicks triticale up to 15% with corn did not affect their performance. Al-Athari and Bustany (1997) reported that inclusion of triticale up to 20% with 40% corn did not cause any significant effect on body weight when compared with the control (60% corn), which agreed with our findings, but inclusion of triticale over 40% caused a significant reduction in body weight. Moreover, complete replacement of corn with triticale in the diet of White Leghorn pullets did affect body weight (Lesson and Summers, 1987) . Further, Myer et al. (1996) reported a similar average daily gain in pigs a fed triticale based diet compared with the wheat or corn -soybean meal control diets.
The feed conversion ratios (FCR) were significantly (P=0.0001) increased by inclusion of triticale in the diet during the finishing and overall period when compared with the control and T0. During the finishing period, FCR values for chicks fed dry fat (2.34) were significantly lower (P=0.0001) compared with the groups fed triticale (T50 and T25), but there was no significant difference between the groups fed triticale (T50 and T25). Moreover, the FCR values for chicks in the T50 (50% triticale) group were significantly for the overall period when compared with chicks fed the T25 (25% triticale) diet. This finding disagreed with Al-Athari and Bustany (1997) who reported a significantly lower FCR when chicks were fed a20% triticale and 40% corn compared with the control. Moreover, Al-Thari and Bustany (1996) reported a significant increase in FCR when chicks were fed a diet containing 40.6% triticale with 19.2% corn when compared with the control group (57.5% corn). The poorer FCR of the triticale-fed birds may be due to lower nutrient amounts, limited nutrient availability, or antinutritional factors not found to the same extent in wheat or corn. Antinutritional factors in triticale include soluble pentosans (Pettersson and Aman, 1988, Rundgren, 1988) trypsin inhibitor, alkyl resorcinols, and pectins (Smith et al., 1989) . The viscosity of triticale extracts was highly correlated with the sum of water -extractable arabinoxylans and ß-glucans (Mathlouthi et al., 2002) . Likewise, the AME value of triticale was highly negatively correlated with the sum of pentosans and -ß-glucans (Choct and Annison, 1990) .
In some reports, triticale feeding has resulted in similar or improved feed efficiency relative to other grains. Ruiz et al. (1987) determined that feed efficiency was significantly better for chicks fed triticale than for those fed corn. In quail, Vohra et al. (1991) found no statistically significant differences in FCR among quail fed triticale-or corn-based diets to 21 d of age. However, other researchers have observed poorer FCR with triticale-based diets in broilers (Gerry, 1975; Proudfoot and Hulan, 1988; Vieira et al.(1995 ) Smith et al. (1989 reported 4 to 5% reduction in average FCR for broilers fed triticale compared with a corn control diet from 0 to 2 wk and from 2 wk to 3 wk of age. Myer et al. (1996) found similar effects on FCR with pigs fed triticale or wheat. 
Carcass characteristics
The carcass characteristics of the broiler chicks fed dry fat and different levels of triticale are presented in Table 3 . There were no significant differences between all groups in term of dressing and abdominal fat percentages, but numerically the abdominal fat percentages were higher for chicks fed dry fat (3.81%) compared with other groups. There was a significantly (P=0.04) higher percentage of breast meat (hot carcass weight; CW) in chicks from the T0 and T25 compared with the chicks from the control and T50, but no difference between control and T50. The drumstick weight percentages were found to be significantly (P=0.05) lower in chicks from the T50 group compared with other groups. Moreover, there were no significant effect of the treatments on the protein percentages in the breast and drumstick meat, but there were significantly (P=0.03) higher levels of lipid percentage in breast and drumstick meat in chicks from the T0, T50 and T25 groups compared with the control group. Generally, once dietary fat is absorbed, saturated fatty acids (SFA) tend to be deposited in the body, while unsaturated fatty acids (USFA) tend to be oxidized to produce energy and heat (Beynen and Ketan, 1985) . More unsaturated fatty acids from vegetable oil tend to produce lower energy retention and higher heat production in mice and humans (Mercer and Trayhum, 1987; Jones and Scheeler, 1988) . Moreover, Shimomura et al. (1990) and Takeuchi et al. (1995) have found similar response by feeding rats safflower oil. These findings support our results which conclude that feeding higher saturated fatty acid as dry fat increases the deposition of fat in broiler tissues when compared with using vegetable oil. Korver et al. (2004) reported that feeding triticale to broiler had a negative effect on eviscerated carcass weight and many portion weights, but there was no defect when portions weight was expressed as a percentage of eviscerated carcass weight, which agreed with our findings. On the other hand, Charalambous et al. (1986) observed that carcass yield carcass plus edible giblets yield, and dressing percentage were higher in birds fed corn or corn -triticale diets than in broilers fed a diet with triticale as the only cereal grain.
Trace minerals concentrations
The trace minerals Zn, Cu, Co, Mn and Mg are essential for human and animal nutrition, and are supplemented in animal diets to cover or exceed their nutritive requirements. The data of trace mineral concentration in the liver of chicks from different groups is reported in table 4. A significantly (P=0.02) higher Co concentration as a wet weight were found in chicks' liver fed dry fat (T0) compared with the control, but the concentration did not differ when compared with the chicks fed triticale (T50 and T25). Moreover, magnesium concentrations were found to be affected and significantly lower as a dry and wet weight in liver of chicks from the T25 (25% triticale) group when compared with the other groups. On the other hand, triticale inclusion and use of dry fat did not cause any significant effect on the concentrations of Cu, Zn and Mn (dry and wet weigh; DW and WW) in liver of chicks from all groups. Moreover, use of dry fat (Feedar) in the broiler diets which contain high levels of calcium (7.5-8.5 %) may affect the absorption of other minerals in the digestive system by different mechanisms. (Underwood and Suttle, 1999) . In this study, hepatic Zn, Cu and Mn concentration were fairly stable, and there was no significant effect of feeding dry fat and triticale on them. This means there is no antagonism between dry fat calcium and utilization of Zn, Cu and Mn. Different treatments caused a significant change in Co (WW) and Mg concentrations in liver. A higher concentration was found in livers of chicks fed the dry fat and triticale. On the other hand, different treatments caused a significantly reduction on the concentration of hepatic Mg (DW and WW). Generally, most of studies in the area of minerals indicate that the assessment of trace mineral status is difficult, and this remains an important challenge to researchers.
In conclusion, the experiment results demonstrated that triticale can be substituted for corn in broiler diets up to 50% of the corn grain (27% starter and 30% for finisher diets) without any adverse effect on chicks performance, but a feed conversion ratio higher by almost 20% was detected. Dry fat and triticale cause a significant increase on lipid percentage in breast and drumstick meat cuts, even though increases in breast meat percentage were found. Moreover, using dry fat and triticale caused a significant change in hepatic Mg and Co levels.
Further research is needed to study the effect of using enzymes to overcome the negative effect of the antinutritional factors in triticale which may reduce nutrients utilization by broiler chicks.
